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Novel metal-insulator-metal structures are proposed to shift the effect of resonant tunneling and hence device nonlinearity of the metal-insulator-metal structures towards zero volts. This is crucial for rectifiers employed in THz rectennas for solar energy harvesting where the amplitude of signals captured by the antenna is very small.
Tunneling diodes comprising of metal-insulator-metal (MIM) layers are potential candidates for signal rectification in THz rectennas [1] due to the small tunneling transit time. Structures with double dielectric layers (MIIM) benefit from resonant tunneling which creates a larger degree of nonlinearity in device characteristics, essential for signal rectification. In the MIIM structures reported so far [1], however, the dominance of resonant tunneling occurs at voltages in the range of a few to a fraction of a volt, which is not beneficial for the small amplitude THz signals captured by the antenna. We show, by quantum-mechanical modeling, that by judicious engineering of the energy band offsets, thickness of dielectric layers, and selection of the appropriate work function of metal contacts, the dominance of resonant tunnelling, which provides the highest degree of nonlinearity, can be shifted towards zero volt. The structure consists of two nano-dimensional dielectric layers with large and small electron affinities (e.g. Nb2O5/Al2O3) which creates a quantum well at certain applied voltages, to facilitate the tunneling by resonance through the bound states. The current-voltage (IV) characteristics were calculated using the modified multi barrier Tsu-Esaki method [2].
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